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(54) Septicemia prevention and treatment system 

(57) A method and apparatus for preventing and 
treating septicemia in patient blood. The extracorporeal 
system includes an anti-microbial device to kill at least 
99% of bloodborne microorganisms, a hemoconcentra- 
tor/filtration unit to remove approximately 90% of target 
molecules from the patient blood and a filter unit to 
remove target molecules from patient blood from the 
sieved plasma filtrate. Target molecules are produced 
by microorganisms as well as the patient's cells and 
include endotoxins from gram negative bacteria, exotox- 
ins from gram negative and gram positive bacteria, as 
well as RAP protein mediator from Staphylococcus 
aureus, and cell mediators such as tumor necrosis fac- 
tor-alpha, and interleukin 1-beta, complement proteins 
C3a and C5a, and brandykinin. 
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Description 
BACKGROUND 

[0001 ] 1 . Field of the Invention : The present invention relates, generally, to methods of and apparatus for killing blood- 
borne microorganisms by ultraviolet irradiation and removing target molecules from the blood by a hemoconcentra- 
tor/fitter and, subsequently, removing some target molecules from the ultrafiltrate by additional filtration for endotoxins 
and cell mediators before returning to the blood. 

[0002] 2 Prior Art . Septicemia refers to a microbe-induced condition in which the patient experiences an exaggerated 
inflammatory response. This response can lead to varying degrees of hypotension (possibly shock), and hypoxemic 
and edema-related organ failure called multiple organ dysfunction syndrome (MODS). Because trauma and burns, 
among other causes, can lead to MODS, in the absence of infection, the more current and generic term is systemic 
inflammatory response syndrome (SIRS). 

[0003] Between 1 980 and 1 992 the death rate due to septicemia increased 83% from 4.2 to 7.7 per 1 00,000 popula- 
tion The greatest increases were seen in patients at least 65 years old. Bacterial infections accounted for approxi- 
mately 200,000-300,000 cases of septicemia as of 1992, and was the 13th leading cause of death nationally. The 
mortality rate averaged 35%, with a range of 20-65%, and accounted for approximately 100,000 deaths. 
[0004] Septicemia is usually categorized by the particular group of microorganism involved, i.e., bacterial, gram neg- 
ative or gram positive, and fungal. Gram negative bacteria of concern include Pseudomonas aeruginosa, Eschertcia 
coli and Enterobacter aerogenes. Gram positive bacteria of interest include Staphylococcus aureus, Streptococcus 
pneumoniae, and Enterococcus spp. The usual fungus involved is the yeast, Candida spp. Septicemia and related con- 
ditions develop when certain microorganisms, the cellular products, and other target molecules stimulate cascade reac- 
tion and an exaggerated inflammatory response leading to multiple organ and system failure. Selected microbial 
products and other target molecules, with molecular weights, are shown in Table 1 . 
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Selected Target Molecules of Concern in Septicemia and Poten- 
tially Removed by SPATS 


30 


Molecule 


Molecular Weight - Kilo- 
Daltons (kD) 




Endotoxins (gram negative bacteria) 


10-40 


35 


Tumor Necrosis Factor, alpha(TNF-a) 


17-51 


imerleukin1,befa(IL1-p) 


17 




Exotoxins (gram positive and gram neg- 
ative bacteria 




40 


gram+ (Diphtheria) 


65 




gram- (Cholera) 


82 




RAP protein (Staphylococcus aureus) 


50 




Complement 3a and 5a 


9-11 


45 


Bradykinin 


1 



[0005] These target molecules may enhance the microbe's virulence and/or stimulate the patient's defense mecha- 
nisms, but. when excessive, they may lead to multiple organ system failure. These microorganisms, their cellular prod- 
ucts and the target molecules can stimulate various cascade reactions which may result in a life-threatening 
inflammatory disease state. 

[0006] Prevention of these medical conditions is difficult at best because the early signs and symptoms may be quite 
vague Treatment has generally been instituted when the condition is recognized which is. unfortunately, often very late 
in the course of the disease. With prophylaxis difficult and therapy often late, the results may be fatal for the patients in 
many cases. Treatment of the early viremic stage of H.I.V. on the other hand, is possible. The signs and symptoms are 
recognizable by a trained physician and reduction of the viral load has been shown to improve the prognosis of the dis- 
ease. This reduction in viral load may also be effective at later stages of H.I.V. infections. We believe that the ability of 
SPATS to reduce bacterial load, as well, by 99% or more will also serve a significant role in the prevention of septicemia 
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in patients undergoing coronary bypass, dialysis, and probably other conditions. SPATS can also be used to treat sep- 

^^e^uTexSrporeal treatment of microbial infections. Over the years there have been sc.entrf.c argu- 
m^^m^Te mechanisms 

and a Simulated immune system then protects the patient by clearing the remammg organ.sms from the body 

^ H^nc^mrato^iltration units are used to remove water from patients who are .n acute renal fa.lure and 

SeoveThy^^ 

ufafwetgW c3 67*9 kD). WbHe ^ding the b.o<Sd of excess water. Current membranes and/or hollow ftoer systems have 

Kittraton of wSofe SoVby^ocessing with a filter having a pore size adequate to remove substances up to 100 - 
"So^htfprocSes^ of the mo.ecu.es removed is 1 0-40% .ess due to occfusion of the pores by plasma 

proteins). 

PRIOR ART STATEMENT 
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U.S. Patents 


5.571,418 


11/1996 


Lee et al. 


5,211,850 


5/1993 


Shettigar et al 


5.211,849 


5/1993 


Kitaevtch et al 


5,151,192 


9/1992 


Matkovich et al 


5,150.705 


| 9/1992 


Stinson 
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nthftr Publications 

m LXZ'vL ^mm«trW,n Tnew lor Saprtfooocous Aureusnnduceo S^cemia ,n Immature S»oe . Cm. 

jj£^TwMd! H^Lt J-L WoKnt (Eos.) 1995. -aMcal -mate (o, tha Ha*™m ol Saps*-. Spring^Varlag. Ber- 
.in. Heidelberg. 

45 SUMMARY OF T HE INVENTION 

rO016] A method and apparatus for preventing and treating septicemia is described. The extracorporeal system 
Ees aC anTmicrobiaSice to at .east 99% of Wo^borne ^-^^X^t^e'e 
to remove approximately 90% of the Woodborne target molecules from patents blood and a fitter unit to remove me 
imTlargermSs £>m the uttra-fittrate. Target molecules are produced by microorgamsms. as we.. ^£* ert s 
SrandtndudrLotoxins from gram negative bacteria, exotoxins from gram posfve and gram negative bactenal 
aS melatots^ as RAP protein from Sfaphy/ococo* aureus, and ceH mediators such as tumor necros,s factor- 
ateha and interleuWn 1 -beta, complement proteins C3a and C5a and bradykinin. 

^e p esem nvSon is a method and apparatus for the continuous processing of d-luted blood by a veno- 
v^s rolle SH fa acumen cannula and a fitter having a pore size of 60-95 kD. The system w,.l remove sub- 

SKT SSES^JL for subset retiarn important smaller moleou.es 

to the patient 
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rooiSl Since hemodilution has already occurred during cardiopulmonary bypass, the filter will function in an artracor- 

5 RRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

Rgure 1 is a schematic representation of one embodiment of the system of the instant invention, i.e. direct appli- 

ngure 4 is a c^iSona. S of another embodiment of an ultra-violet irradiator used in the mstant .nvention 
S^^SSS^ away elevation view of a hemoconcentrator used in the instant invention. 
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DESCRIPTION OF PREFE RRED EMBODIMENTS 

SSTSi shown in Figure 1. blood from pump 102 passes through a polycarbonate "Y" ~ nn ^^f ^ 
EmixetwrthTsu^tSeisotonicdiluem,Lhaspla 

^rafe^ailable. The diluent is supplied from diluent source 1 1 3 which, typ.cally. compnses a large capacrty res 



[0025] 

45 hematocrit of about 10-20%. 



50 



fSSTrhe SSL ve^ brood then passes through tubing to the bactericide uttrav^ ^"J-*^?^ 
cules are more effectively removed by sieving, as described infra. 
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The influence of hematocrit on the percent reduc- 
tion of Staphylococcus aureus A.T.C.C 6538p. 



Hematocrit% 


Period of Treatment (minutes) i 




60 


90 I 


120 




Percent Reduction 




0 


99.75 


99.97 


99.99 


20 


97.26 


99.44 


99.89 


38 




82 


86.2 


Whole Blood 




49.4 


66.9 
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centrator 106 which has approximately 1 .2 to 2.4 rrr* ^"^.^^^e S ^S so that blood flows from 
centrator 106 (described relative to Figure 1) » ^JSt^sSS* c^loiddiSnf before blood enters 

and returns to the patient via tubing ,107 and <touWelumen ca mteW . 70 . 100 
10030] The pressure across the Jemoconcen^tor 106 '^^,^3^-000 ml/min and blood hemat- 
mmHg from inlet 155 portto outlet 157 port at a oon ^^^^^ t ^^ pre ssure drop and lower inlet 
ocrh of about 20%. At a constant flow ^J^^J^SZ^^^ ^pressure" Thus, changes 
pressure, while an increase in hematocrrt results a greater pressure «opara ng a technician in regulating 

(in an approved manner) or conserved within the SPATS. from 
0033] in an alternative system configuration, pump 110 (such inde pend- 
eservoir 109 through a secondary circuit (shown dashedhnes) ™* s ^* y ^positively-charged 

lipopolysacchende (LPS). I nat is, tne finer iw ^ ^ oroduced in a five-layer configuration, 

disrupted gram negative bacteria. In a preferred errtood'ment the fabnc is produced in a y mei 4 rane module 
I0 034] Other target molecules mainly pass through filter 111 and are £J£ bacteria and containing 

112 with a porosrty of about 10 kD. for ^ ,e . H E ^ n / ^^^'^2? n Zs, the majority of the smaller 
protein and negatively-charged lipopolysacchar.de (LPS) is 9B *^^J™^ ojr , 13 , hey mix with crys- 
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so™ coding tubtoo and. Mftfv *«P«<ylnO *^ ^ a^odto^s has been raportad by 

U*» » 'pSSZES 400^00 mMn. account to. 
trol oi diluent flow can be used. In the latter case, ine pun v 

ir^toTC^^^^ 

conserving them reau , at ed via feedback from a negative pressure controller 109A established on 

[0039] The rate of pump 1 1 0 can be reguiaiea via weuua = - 

L »m»<* 109. This eliminates ^. to J^T*^ , open hear, btood- o»y 9 eaator) cKUl to 
SSSSS atoa, 0. M adedaiized Wood to rained »« ^«™'^ 1 2 n 2 vl . pufg . llr » !a o tasmll ,e».^ 

b^r^^r^^=^^^^-aa^^- 

cardiopulmonary bypass arcurt (CPB). hematocrit using diluent available to 

[0043] As an alternative, 20-25% hematocnt Wood * jn reservoir 209 fr0 m which it is pumped 

!he glomerular units of the natural kidney. "^^"^^^^^Se of free plasma hemoglobin (64 
plasma protein albumin (67-69 kD molecular w*ght) "^"J^TSSt of about 65 kD. The hemoconcentra- 
kD molecular weight), thereby demonstrate a^^^ 

tor 206. with 60-95 kD porosrty. is relatively '^J^^SS^^ BUN, and glucose to insure normal 
40 <2% of plasma globulin sieved) while sieved (25-95% of plasma 

plasma osmolality. Larger molecules such as choleste rol ana aem (appearing in the uttrafiltrate in 

concentrations). Permeability of target molecules TNF. ^J^^^^ZSZ weight as IL-1 B (i.e. 17 
concentrations equivalent to plasma) in this system; IL-2 a othe r than simple molecular 
kD) . is almost entirely retained in the Wood Jpnmry a ^^n^etSnS fofremoval by this system. 
« weight are important. Thus TNFa, IL-1 p and ^^^^SSS!^ embodiment of a UV irradiator 300 
[0045] Referring now to Figure 3. there is shown a mffi ^™^ , 2 * fe typically, molded or otherwise 
Led in the instant invention. The irradiator 300 , .ndudes f a ^ ^2^ and substantially dosed at 

formed of polycarbonate or stmrtar material. The cylinder 3T us. typ ca y. p tne inlet 30 1) is approa- 

erKl 312Bwrthasrrall inlet 301 therethrough In onee^ 

50 mately 1 8 to 20 inches long and about 1 inch ins.de diameter. ^ e ' n ' et ^^ 

55 material which blocks ozone producing w^ngths. open-ended quartz tube 304 which is 

304 ?a a pad ol the disposable portion ol «to irradiator 300. 
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7!l££L-m <ha top oap 302 and 305, w*to tobe 304.. 

by uttrasonic welding, adhesrve or the ''^j^^^^nds outwardly from tube 312 and bottom cap 309. 
provide a secure connection to tubmg as a nd the inner surface of cylinder 312 are spaced 

the passageway 306 will flow really ^.^^rporeal circuit shown in Figures 1 or 2 enters the inlet 301 and 
[0051] In operation, hepann.zed blood ^ 

hen into chamber 303 at the upper end of ^^^"htt p refe rably. a rounded upper surface, and .nto the 
of less than 20 cc. The blood flows around top ^02w^c^sjpre y maximized by the hydrophilic coat- 
annular passageway 308. The blood J^^^^^S^ thus reducing the possibility of stagnant 
ing whh a contact angle of 0-5° wh.ch form. A heparin-bonded surface is also an opton 

areas that can cause fibrin to deposrt and ^^^^.eparin and hydrophilic treatment. The blood contmues 

assembly - including UV source 306 - ,s r ?^V?^£!^ of another embodiment of a an irrad,ator. viz. 
[0053] Referring now to Figure 4. there .s shown a c»Macmdv» w o approximately 18" long, rad.- 

l UV irradiator 400. used in the instant inventory Once; ^^^u^a J^J^JJ yv wvelength s. The UV 
ates at about 254 nm radially through a doped quart ^et 405 » P e uvc (Le . ^ c UV radiators) and 

? ays emanate through a 1/2" to r , diameter qua S^J^^SSi and then sealed and adhered to the 
which is closed at the top end wrth a cap 402 and cracking of quartz tube with changes 

bottomof tube405withsilicone adhes*e415. ^^»SI?Jn external power source. 

welded to a diverter 41 8 formed therewith. 41 9 made of polyester or polycarbonate, is 

*ZL 4.8 also dispel ma Mood evanly woujh, .ml J^^So. 4.9 which is 1MU. and 

v*ichB.WtoalW.W«^^™ eW ^J"'S^^^«,,9 mus.cauMaimolUooatoahana.aeir- 
• w» diatond align* unoar preaau.. bom «. "-T^^JSTK and. I wiy. into a amal. poo. o. PtooO to Donorn 

S^tE^S. *«5 »..m un.onrt, =^*™™ m . ^s, portion o. .ha blood ..to » 

Lunh5u0inc.udeaa.cpoap50,anda = ^ 
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which corresponds to the hemoconcentrator 106o 20 ^^^Xder te Tone embodiment, approximately 10" 
low cylinder 601 formed of P°^^ °< ^fSS^^SS^^!^ to conventional medical 
long and 1 .5" in diameter. An inlet 602 and an outlet 603 ^ ^2" ™ are ^^y, tnreadedly attached 
tubing are provided in caps 604 and 605 at opposrte ends of * e ^J^J?*^^ e end of the cylinder. The 
to the'cylinSer. In addition, at least one effhaent ["f^"^ 1.2 and ZA 

interior of the cylinder is filled with mm 6 x ^m^S!5^^^ and ce » mediatorS 

m 2 area with a nominal pore s.ze of 60 .000 to 95.000 ™ .^J^ 10% H to 20% hematocrit, the gel 

S^te^ 

[0063] A hollow fiber or filter surface area of about 1 .2 to 2^ ndm JJJJJJ returning t0 a sep . 

the diluted blood in volumes equivalent to those * d ^ t ^^*™ JShEI ^ondary pulmonary dysfunction, 
tic patient must not be substantially diluted because prevention and treatment 

[0064] Thus, there is shown and descnbed a un.que des.gn and concept oia _ septwe P 
system The device described in this patent is capabtej 2 tZSSEi* relates to a 
emphasis is on septicemia or microbial sepse The ^^^J^to^ Particular embodiment,* is under- 
Septicemia Prevention and Treatment System. embodiments shown and 

stood that those skilled in the art may conce.ve mcdrfica ^^T^*^J^ description are intended to 
described herein. Any such modifications « inSXl to be illustrative only and is not 

ESS SSS ™n«r ^ is * - — aPP-ed 

Hm^r^ 



35 claims. 

c»ii»«»«apv r>F THF INVENTION 

[0067] 

1. A blood treatment system including. 



40 



a UV device connected to receive and irradiate blood from a source 

a concentrator device connected to receive Wood from sa.d UV dev.ce. and 

a SSuent source for supplying a diluent to the Wood to be supplied to sad UV dev.ce. 

2. The system including, 

at least one pump for moving said blood through the system. 

3. The system including, 

a return device for returning blood from said concentrator and filter device to a patient. 

55 4. The system wherein. 

said concentrator and said filter device is a unitary device. 



50 



8 



BNSDOCID: <EP 0990444A2_L> 



EP 0 990 444 A2 

5. The system including, 

a recycle path for passing said blood from said concentrator and fitter device to said diluent source. 

6. An ultraviolet (UV) irratiator device comprising, 
a UV light source, 

7. A fitter comprising, 
a housing, and 

an electrostatic lilter mounted in said housing. 

8. A hemoconcentrator comprising, 

S a of hollow fibers disposed within said hol.ow cylinder. 

9. The system including, 

a fitter device connected intermediate said UV device and said concentrator device. 

25 10. The system including, 

a filter device connected to receive Wood from said concentrator device. 

1 1 . The system including, 

a pump device for pumping blood through said system. 
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12. The system including, 

a primary blood path for passing blood from said concentrator device to a source of Wood. 

13. The system including, 

a secondary blood path for passing blood through a secondary treatment path. 

14. The system including, 

a membrane module connected in said secondary Wood path. 

4 5 1 5. The system wherein, 

said diluent comprises a crystalloid. 



40 



50 



Claims 

1 . A blood treatment system including, 



UV device connected to receive ard MambBod »» 



55 a 

2. The system recited in Clam 1 including 
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at least one pump for moving said blood through the system. 

3. The system recited in claim 1 including, 

a return device for returning blood from said concentrator and f ilter device to a patient. 

4. The system recited in claim 1 wherein, 

said concentrator and said filter device is a unitary device. 

10 

5. The system recited in claim 1 including, 

a recycle path for passing said blood from said concentrator and filter device to said diluent source. 

is 6. An ultraviolet (UV) irratiator device comprising, 
a UV light source, 

a fluid chamber surrounding said UV light source. 

said chamber confining said fluid to a thin film for exposure to sa«d UV light source. 
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7. A filter comprising, 

a housing, and 

an electrostatic filter mounted in said housing. 

8. A hemoconcentrator comprising, 

a hollow cylinder, and ^ 
a central core formed of hollow fibers disposed within said hollow cylinder. 



9. The system recited in any of the preceding claims including, 

a filter device connected intermediate said UV device and said concentrator device, 
and/or further preferably including, 
35 a filter device connected to receive blood from sari concentrator device, 

and/or further preferably including, 
a pump device for pumping blood through said system. 

40 and/or further preferably including, 

a secondary blood path for passing Wood through a secondary treatment path, 
and/or further preferably including, 

a membrane module connected in said secondary blood path, 
and/or wherein Preferably 
45 said diluent comprises a crystalloid. 

1 0. A blood treatment system including, 

a UV device connected to receive and irradiate blood from a source, and 
so a concentrator device connected to receive blood from said UV device, 
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Fig. 6 
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treating septicemia in patient blood. The extracorporeal 
system includes an anti-microbial device to kill at least 
99% of bloodborne microorganisms, a hemoconcentra- 
tor/filtration unit to remove approximately 90% of target 
molecules from the patient blood and a filter unit to 
remove target molecules from patient blood from the 
sieved plasma filtrate. Target molecules are produced 
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